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Targeting CDK9: A novel biomarker
in the treatment of endometrial cancer
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Abstract. Endometrial cancer is one of the three major malig-
nant tumors of the female reproductive system. Although
cyclin-dependent kinase 9 (CDK9) has a definitive pathogenic
role in various types of cancer, little is known concerning its
function in endometrial cancer. Our study was conducted to
evaluate the expression and therapeutic potential of CDK9
in endometrial cancer. CDK9 expression was determined
by immunohistochemistry in endometrial cancer tissues
constructed with paired primary, metastatic, and recurrent
tumor tissues from 32 endometrial cancer patients. Small
interfering RNA (siRNA) and inhibitors of CDK9 were used
to evaluate the effect of CDK9 inhibition on the anti-apoptotic
activity and proliferation in endometrial cancer cells. Colony
formation assay and wound-healing assays were adopted to
assess clonal formation and migratory capacity. The results
of the immunohistochemistry demonstrated that CDK9
was highly expressed in the human endometrial cancer cell
lines; moreover, it was elevated in metastatic and recurrent
endometrial tumor tissue compared when compared with
that in patient-matched primary endometrial tumor tissue.
Knockdown of CDK9 with siRNA and inhibition of CDK9
activity with the inhibitor suppressed cell proliferation and
promoted apoptosis in endometrial cancer. In conclusion,
our results provide evidence that CDK9 may be a potential
prognostic biomarker and a promising therapeutic target for
the treatment of endometrial cancer in the future.

Introduction
Endometrial cancer is one of the three commonly diagnosed

gynecological malignancies of the genital tract. According to
US cancer statistics, endometrial cancer ranks fourth among
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women's invasive tumors worldwide, and there were an
estimated 61,880 new patients and 12,160 deaths in 2019 (1).
In China, the incidence of endometrial cancer is increasing
and the age of onset is becoming younger (2,3). Contrary to
the overall downward trend in the most common cancers,
mortality from endometrial cancer increased by about 2% per
year between 2011 and 2015 (4). Patients with early endome-
trial cancer have a relatively good prognosis, but those with
advanced endometrial cancer have a poor response to treatment
and their prognoses are worse. The prognosis of endometrial
cancer is affected by many factors including tumor grade,
stage, histologic subtype, lymph node metastasis and myome-
trial invasion. Lack of effective treatment for patients with
advanced endometrial cancer reflects the need to study the
molecular mechanisms of endometrial cancer occurrence and
development (5).

Cyclin-dependent kinases (CDKs) are a family of
serine/threonine kinases whose activity is derived from
heterodimeric complexes composed of catalytic kinase
subunits and regulatory cyclin subunits (6,7). They play an
important role in controlling the cell cycle, transcription, and
neuronal function (6). Multiple genetic and epigenetic events
lead to a general overactivity of the cell cycle CDK in human
cancers, and its inhibition may lead to both cell cycle arrest
and apoptosis (8). With regard to the role of CDKs in the cell
cycle or transcriptional regulation, CDK1, CDK2, CDK3,
CDK4 and CDKG6 drive cell cycle, CDK7 regulates cell cycle,
CDK7, CDKS, CDK9, CDK10 and CDK11 regulate transcrip-
tion, and CDKS5 regulates neuronal differentiation (6). Of the
multiple CDKs involved in transcriptional regulation, CDK9
is considered to be the most important one (9). CDK®9 is a
Cdc2-like Ser/Thr kinase that mainly binds to cyclin T1 and
constitutes the basal transcription factor, positive transcrip-
tion elongation factor b (p-TEFb), which phosphorylates the
carboxy-terminal domain (CTD) of the large subunit of RNA
polymerase II (RNAPII) and reaches the RNA transcription
elongation, thereby regulating cell proliferation, differentia-
tion, apoptosis, and DNA repair (10,11). CDK9 is involved in
the transcription of most eukaryotic cells, including human
tissues (12). CDK9 expression is significantly increased in
different cellular processes and different tissues, and has an
important contribution to the progression of various types of
cancer (10). Recently, studies have found that CDKO is of crit-
ical importance in the development of many cancers, including
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leukemia, cervical cancer, prostate cancer, glioblastoma,
breast cancer, melanoma and lung cancer (13-19).

In the present study, in order to investigate the role of
CDKD9 in the progression of endometrial cancer, we firstly
evaluated its expression in endometrial cancer tissue, and then
used siRNA and inhibitors to suppress CDKO.

Materials and methods

Human endometrial cancer tissues. The specimens used
in this study were collected from 32 patients with endo-
metrial cancer treated at the Second Xiangya Hospital of
Central South University (Changsha, Hunan, China) from
January 2002 to December 2017. The age of the patients
ranged from 39 to 69 years (average, 60.8 years). All patients
accepted primary surgery; the primary and metastatic tumor
tissues were obtained by the primary surgery. Upon tumor
recurrence, 15 patients had pelvic recurrence, 7 patients had
vaginal metastasis, 1 patient had vulvar metastasis, 3 patients
had inguinal lymph node metastases, 3 patients had bone
metastases, 2 patients had lung metastases, and 1 patient had
liver metastases. The recurrent tumor tissues were obtained
by second surgery or biopsy. The tumor tissues of these
32 patients were collected at three different stages, including:
Primary tumor tissue, postoperative metastatic tissue, and
recurrent tumor tissue. The tumor tissues were fixed with
formaldehyde and embedded in paraffin. We collected data
concerning patient age; surgical method; histologic subtype;
surgical-pathological stage; pathological grade; recurrence
site; recurrence tissue acquisition method; patient survival
status at the end of follow-up: Progression-free survival (PFS),
defined as the interval between the date of primary surgery
and the objective tumor progression or death; overall survival
(OS), defined as the interval between the date of primary
surgery to last follow-up or death (Table I). The study was
approved by the Ethics Committee of The Second Xiangya
Hospital of Central South University (IRB protocol number:
Study 181). All patients signed a consent form for their tissues
and clinical information to be used for this research.

Immunohistochemistry. CDK9 expression was determined
by standard immunohistochemical protocol. In short,
paraffin-embedded slides (4 pM) were baked at 60°C for
1 h and then dewaxed in xylene and rehydrated by fraction-
ated ethanol (100 and 95%). Antigen was extracted by Dako
Target Retrieval Solution (Dako; Agilent Technologies,
Inc.), and incubated with 3% H,0, for 10 min to eliminate
endogenous peroxidase activity. Thereafter, the slides were
sealed with goat serum for 1 h, and then polyclonal rabbit
antibodies against human CDKO9 (cat. no. 2316; 1:50 dilution
in 1% bovine serum albumin; Cell Signaling Technology,
Inc.) were added and incubated overnight. The slides
were fully covered with the anti-rabbit SignalStain® Boost
Detection Reagent (Cell Signaling Technology) and placed
in a humid chamber for 30 min, and then SignalStain® DAB
(Cell Signaling Technology) was added to the slides to
reveal the staining intensity. Subsequently, the slides were
counterstained with Hematoxylin QS (Vector Laboratories,
Burlingame, CA, USA) and fixed with VectaMount AQ
(Vector Laboratories, Inc.) for long-term storage. Two
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independent pathologists evaluated the percentage of cells
with positive nuclear staining on the immunostained slides.
The expression of CDK9 was divided into five levels:
i) 1+, <10% positive cells; ii) 2+, 10-25% positive cells;
iii) 3+, 26-50% positive cells; iv) 4+, 51-75% positive cells;
v) 5+, >75% positive cells. Based on the CDK9 expression
scores of the primary endometrial cancer samples, patients
were divided into the following two groups: Low CDK9 group
(CDKO9 staining score <2) and high CDK9 group (CDK9
staining score =3). CDK9 stained images were captured
with an Olympus BX5Imicroscope (original magnification,
x400) (Olympus Corporation of the Americas) and a Spot
RT digital camera (Diagnostic Instruments).

Endometrial cancer cell lines and reagents. The human endo-
metrial cancer cell lines HEC-1A, ARK-2H, EC-1B, RL95-2
and SPACIS were obtained from the American Type Culture
Collection (ATCC; Rockville, MD, USA). AN3CA was
obtained from the German Collection of Microorganisms and
Cell Cultures (DSMZ; Braunschweig, Germany). Ishikawa
cells were obtained from the Central Cell Services Facility
at the Cancer Research UK (CRUK). All endometrial cancer
cell lines were maintained in RPMI-1640 (Invitrogen; Life
Technologies) containing 10% fetal bovine serum (FBS) and
1% penicillin/streptomycin. Monoclonal rabbit anti-human
CDKD9 antibody (cat. no. 2316; Cell Signaling Technology,
Inc.) was purchased from Cell Signaling Technology, Inc.. The
highly selective CDK9 inhibitor LDC000067 (abbreviated
as LDCO067) was purchased from Selleck Chemicals.
Human non-specific small interfering RNA (siRNA) and
CDKO9-targeting siRNA (59-GCUGCUAAUGUGCUUAUC
A-39) were purchased from Merck KGaA. Lipofectamine
RNAiMax was purchased from Thermo Fisher Scientific,
Inc. Apoptosis-related antibodies were obtained from Cell
Signaling Technology, Inc..

Western blotting. Total protein lysate was extracted from cells
using RIPA lysis buffer (Sigma-Aldrich; Merck KGaA). Thirty
micrograms of the protein sample was separated on NuPage
4-12% Bis-Tris gel (Thermo Fisher Scientific, Inc.) and trans-
ferred to nitrocellulose membranes (Bio-Rad Laboratories,
Inc.), and then incubated with the following primary anti-
bodies in 5% milk with tris-buffered saline Tween 20: CDK9
(cat. no. 2316; 1:1,000 dilution; Cell Signaling Technology,
Inc.), Mcl-1 (cat. no. 39224; 1:1,000 dilution; Cell Signaling
Technology, Inc.), PARP (cat. no. 9532; 1:1,000 dilution; Cell
Signaling Technology, Inc.), Bax (cat. no. 2772; 1:1,000 dilu-
tion; Cell Signaling Technology, Inc.) and tubulin (cat. no. 3873;
1:1,000 dilution; Cell Signaling Technology, Inc.). Next, the
membranes were further incubated with a goat anti-rabbit
IRDye 800CW (926-32,211; 1:5,000 dilution; Li-Cor
Biosciences) or goat anti-mouse IRDye 680LT secondary anti-
body (926-68,020; 1:15,000 dilution; Li-Cor Biosciences) at
room temperature for 2 h. The membranes were then scanned
by an Odyssey CLx device (Li-Cor Biosciences) to detect
bands. Finally, protein bands were quantified by densitometry
with Odyssey v. 3.0 software (Li-Cor Biosciences).

Knockout of CDK9 through siRNA transfection and MTT
assay. CDK9 in endometrial cancer cells was knocked out
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by transfection of synthetic CDK9 siRNA. AN3CA and
SPACIS cells were seeded into 12-well plates at a density
of 4x10* cells/well or into 96-well plates at a density of
2x10° cells/well. CDK9 siRNA (5'-GCUGCUAAUGUGCUU
AUCAUCA-3") was synthesized with Lipofectamine RNAiMax
reagent (Thermo Fisher Scientific, Inc.) at concentrations of 10,
20 and 40 nM, respectively, according to the protocol provided
by the manufacturer. Negative control group used non-specific
siRNA (40 nM). Five days after CDK9 siRNA transfection,
proteins from AN3CA and SPACIS cells were extracted for
analysis of cell proliferation by MTT assay. Then, at the end of
cell transfection, 20 ul MTT reagent (5 mg/ml; Merck KGaA)
was added to each plate, and then cells were incubated at 37°C
for another 4 h. After removing the supernatant, the obtained
intracellular formazan crystals were dissolved in 100 ul per
well of acid isopropanol. SpectraMax 340PC microplate
reader (Molecular Devices, LLC) was used to evaluate the
absorbance of the samples.

Suppression of CDK9 expression by LDCO067 inhibitor
and MTT assay. LDCO067 is able to decrease the expression
of CDKD9 in various cancer cell lines at a concentration of
10 uM (20). AN3CA and SPACIS cells were plated into a
96-well plate at a density of 4x10* cells/well, or a 6-well plate at
a density of 6x10° cells/well. Prior to subsequent experiments,
the cells were incubated for 2, 3, or 5 days with increasing
LDCO067 concentrations (0, 1.25, 2.5, 5.0 and 10 uM). After
5 days of LDCO067 treatment, MTT assay was used to study
cell proliferation of AN3CA and SPACIS cells.

Colony formation assay. Colony formation assay is a
commonly used method to assess cell viability and prolif-
eration capacity. AN3CA and SPACIS cells were seeded into
12-well plates at a density of 100 cells/well and treated with
different concentrations of CDK9 inhibitor LDC067 (0, 2.5, 5
and 10 zM). Incubation lasted for 14 days, and then methanol
was used to fix these colonies for 10 min. After being washed
three times with PBS, the cells were stained with 10% Giemsa
solution (Merck KGaA) for 20 min. Colonies were rinsed
under running water and then dried naturally. Finally, an
Olympus digital camera was used to capture images of the
(original magnification, x1) colonies.

Wound-healing assay. Wound healing assay was used to
analyze the effect of CDK9 inhibitor LDC067 on the migra-
tion activity of endometrial cancer cells. AN3CA and SPACIS
cells were plated into 6-well at a density of 4x10° cells/well
plates and incubated overnight. A 30-ul sterile pipette was
used to scrape two parallel lines at the adhered cell layer. Next,
5 uM of LDCO067 was added to the medium, and incubated
in a low serum medium containing 2% fetal calf serum for
72 h (21,22). Although the serum-free medium can prevent cell
proliferation, it also increases the number of apoptotic cells,
which can affect the conclusion of the wound healing assay.
After 0, 24 and 48 h of treatment with LDC067, images of
the wounds were obtained respectively, with a Nikon micro-
scope (original magnification, x200) (diagnostic instrument)
equipped with Zen Imaging software (Carl Zeiss). Wound
width was assessed by the distance between the two edges of
the scratch at 5 sites in each image. The relative cell migration
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distance was calculated by the following formula: Wound
width at the O h time point-Wound width at the observed time
point/Wound width at the 0 h time point.

Statistical analysis. Statistical analysis was carried out with
the assistance of GraphPad Prism 7 (GraphPad Software, Inc.)
or SPSS 26.0 (IBM, Corp.). CDK9 scores in primary tumor
tissue, recurrent tumor tissue, and metastatic tumor tissue
were compared through Friedman's test. PFS and OS were
analyzed using Kaplan-Meier survival curves with log-rank
tests for significance. The y? test was used to evaluate the rela-
tionship between CDK9 expression and endometrial cancer
clinical-pathological parameters. One-way ANOVA was used
for the group comparison, and Tukey's test was performed for
pairwise comparison. We considered a difference statistically
significant at P-value <0.05.

Results

Expression of CDK9 in primary endometrial cancer tissue
and its matched metastasis and recurrent endometrial cancer
tissue. We used immunohistochemistry to compare the expres-
sion of CDKD9 in different endometrial cancer tissues. Based
on CDK9 expression scores in primary endometrial cancer
samples, patients were divided into the following two groups:
Low CDKO9 group (CDKO staining score <2; 59.4%) and high
CDKO group (CDKD9 staining score =3; 40.6%) (Fig. 1). There
was no statistical difference in the surgical-pathological stage
(P=0.5993, based on the ¥ test), pathological grade (P=0.8206,
based on the y* test), and histologic subtype (P=0.7224, based
on the ? test) between the patients with low CDK9 expres-
sion and those with high CDK9 expression (Table II). We
examined the expression of CDK?9 in primary, metastatic, and
recurrent tumor specimens from 32 patients with endometrial
cancer. CDK9 is mainly located in the nucleus. Although the
expression level of CDK9 in metastatic and recurrent endo-
metrial cancer tissues was not statistically different (P>0.999,
based on the Friedman's test), the CDK9 expression level in
primary endometrial cancer tissues was significantly lower
than that in metastatic and recurrent endometrial cancer
tissues. These differences were statistically significant (meta-
static vs. primary, P<0.001; recurrent vs. primary, P<0.001,
based on Friedman's test) (Fig. 2A).

Relationship between CDK9 expression and patient prog-
nosis. Kaplan-Meier survival curve showed that compared
with patients with endometrial cancer in the CDK9 low
expression group (CDK9 staining score <2), those in the
CDKO9 high expression group (CDK9 staining score =3) had
significantly shorter PFS and OS, and the differences were
statistically significant (P<0.0001, based on the log-rank test)
(Fig. 2B and C). Specifically, the median PFS and OS of the
CDKO low-expression group were 39 and 96 months, while the
median PFS and OS of the CDK?9 high-expression group were
14 and 26 months. These results suggest that elevated CDK9
expression is closely associated with poor prognosis in patients
with endometrial cancer.

Expression of CDK9 protein in various endometrial cancer
cell lines. We detected the expression of CDK9 protein in
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Figure 1. Different CDKO staining intensities and H&E staining of endometrial cancer tissues. According to the CDKO staining in the tumor samples, the
staining patterns were divided into 5 groups: i) 1<10% positive cells (1+); ii) 10-25% positive cells (2+); iii) 26-50% positive cells (3+); iv) 51-75% positive
cells (4+); v) >75% positive cells (5+). (Original magnification, x400). CDK9, cyclin-dependent kinase 9; H&E, hematoxylin and eosin.

Table II. Association between CDK9 expression and
clinicopathological features of the endometrial cancer cases.

CDK9
expression
No. of
Clinicopathological features cases Low High P-value
All patients 32 19 13
Stage
v 9 6 3 0.5993
111 23 13 10
Grade
3 18 11 7 0.8206
<2 14 8 6
Histologic subtype
Endometrioid carcinoma 21 12 9 0.7224
Mucinous carcinoma 1 1
Serous carcinoma 4 3 1
Clear cell carcinoma 2 2 0
Mixed cell tumors 2 1 1
Carcinosarcoma 2 0 2

CDKO9, cyclin-dependent kinase 9.

different endometrial cancer cell lines (AN3CA, ARK-2,
HEC-1A,HEC-1B, Ishikawa, RL95-2 and SPAC1S) by western
blot analysis. The results showed that CDK9 was expressed in
all endometrial cancer cell lines, as shown in Fig. 3.

Effect of CDK9 siRNA on the proliferation of endometrial
cancer cells. We transfected AN3CA and SPACIS cell
lines with CDK9 siRNA to knock down CDK9 expression
to confirm the function of CDK9 in the proliferation and
progression of endometrial cancer cells. The cell lines were
transfected with increasing concentrations of CDK9 siRNA
(10-40 nM) for 5 days, and we discovered that cell viability
of both cell lines was significantly and dose-dependently
inhibited. This was absent in the non-specific siRNA trans-
fected cells (40 nM NC siRNA) (Fig. 4A and B). Western
blot analysis confirmed that non-specific siRNA (NC
siRNA) had no effect on CDK9 expression, while CDK9

siRNA significantly reduced CDK9 expression during a
2-day observation period. Knockdown of CDKO reduced the
level of anti-apolipoprotein myeloid cell leukemia-1 (Mcl-1)
and increased the level of the proapoptotic protein BCL2
associated X, apoptosis regulator (Bax) (Fig. 4C and D).
These data illustrate the key role of CDK9 in the growth and
proliferation of endometrial cancer cells.

Effect of CDK9 inhibitor on endometrial cancer cell prolif-
eration. Subsequently, we examined the effects of a novel
CDK9-specific inhibitor LDC067 on the proliferation of
endometrial cancer cells. Similar to CDK9 siRNA transfec-
tion, CDK9 selective inhibitor LDC067 decreased AN3CA
and SPACIS cell viability in a dose-dependent manner
during a specified 5-day observation period (Fig. 5A and B).
To further verify the function of LDC067 on the transcrip-
tional regulation of endometrial cancer cells, we investigated
the expression of apoptosis-related proteins. AN3CA and
SPACIS cell lines were incubated with 1.25, 2.5, 5.0 and
10 uM LDCO067 for 48 h. The results showed that LDC067
could increase the expression of pro-apoptotic proteins
cleaved poly(ADP-ribose) polymerase (PARP) and Bax, while
inhibiting the expression of anti-apoptotic protein Mcl-1 in a
concentration-dependent manner. Importantly, LDC067 only
inhibited the activity of CDK9, and there was no significant
difference in protein expression (Fig. 5C and D).

Effect of CDK9 inhibitor on endometrial cancer cell colony
formation. Colony formation assay is a commonly used
method to assess cell viability and proliferation capacity.
Endometrial cancer AN3CA and SPACIS cells were exposed
to 2.5,5.0 and 10.0 uM of LDCO067 for 14 days. Colony forma-
tion assay showed that compared with the untreated cells, both
the numbers and sizes of colonies formed in the LDCO067 treat-
ment group were significantly decreased in a dose-dependent
manner (P<0.01). These results suggest that LDC067 can
inhibit the ability of endometrial cancer to form colonies in a
concentration-dependent manner (Fig. 6).

Effect of CDK9 inhibitor on the migration ability of endome-
trial cancer cells. Tumor cell migration plays a significant role
in cancer metastasis and recurrence. We analyzed the effect of
LDCO067 on inhibiting the migration activity of endometrial
cancer cells through wound-healing assay. As shown in Fig. 7,
after 24 and 48 h, the addition of 5 M LDCO067 brought about
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Figure 2. Higher expression of CDK9 is present in metastatic and recurrent endometrial cancer tissues compared with that found in the patient matched primary

tumors and CDKDY is correlated with poor patient prognosis. (A) Distribution

of CDK9 immunohistochemical staining scores among primary, metastatic, and

recurrent endometrial cancer tissues. (B and C) Correlation between expression of CDK9 in the primary endometrial cancer tissues (Low, CDK9 staining <2+;
High, CDK9 staining =3+) and PFS (B) or OS (C) in endometrial cancer patients by Kaplan-Meier survival curve analysis. CDK9, cyclin-dependent kinase 9;

PFS, progression-free survival; OS, overall survival.

@ ]
T RSN\ o\ R R
A F G I T
PRI S
CDK |mwn wn - g eee =
O-Tubulin | S—————— e —
B
1.5-
mm AN3CA
s N ARK-2
@ 1.0 B HEC-1A
g 3 HEC-1B
_g 0.5 . |shikawa
=
2 m RL95-2
mm SPAC1S
0.0-

Figure 3. CDK9 expression in endometrial cancer cell lines. (A) Expression
levels of CDK9 in endometrial cancer cell lines (AN3CA, ARK-2, HEC-1A,
HEC-1B, Ishikawa, RL95-2 and SPACIS) as determined by western blotting.
(B) Relative expression of CDK9 and a-tubulin in the endometrial cancer cell
lines. CDK9, cyclin-dependent kinase 9.

a time-dependent decrease in the migration capacity of the two
cell lines compared to the untreated cells (P<0.05). In summary,
the results indicate that LDC067 inhibits the migration capacity
of endometrial cancer cells in a time-dependent manner.

Discussion

Surgery is the main treatment for endometrial cancer. Most
patients in the early stage can be cured by surgery, but treatment
is limited for patients with metastasis and recurrence (23). It is
widely recognized that laparoscopy is superior to laparotomy in
most patients with endometrial cancer. Laparoscopy can reduce
invasiveness, but still maintains safety and surgical effectiveness,
optimizes surgical outcomes, and improves the cosmetic effect.
The endoscopic single-site (LESS) surgery, 3 mm laparoscopy
(MiniLPS) and percutaneous system (PSS) include the principal
innovations in ultra-minimally invasive surgery introduced
during the last few years. Even when reducing the port number
or instrument size to reduce invasiveness, these improvements
still maintain the same surgical technique, efficacy and safety

of standard laparoscopy (LPS) (24-27). Although there exists
continuous research concerning the tumorigenesis and devel-
opment of endometrial cancer, it still remains unclear which
signaling pathways or related molecules promote the occurrence
and development of endometrial cancer. Many studies confirm
that overexpression of cyclin-dependent kinase 9 (CDK9) is
directly related to tumor development (13-19). A recent study
found that CDK9 inhibition dephosphorylates the SWI/SNF
protein BRG1 (ATP-dependent helicase) and reactivates epigen-
etic silenced genes in cancer, thereby restoring tumor-suppressor
gene expression (28). In the present study, we found that CDK9
was overexpressed in metastatic and recurrent tissue samples
from patients with endometrial cancer, and survival analysis
showed that CDKO can be used as a prognostic indicator for
endometrial cancer patients. This finding is consistent with that
of Wang et al who revealed that CDK9 expression is elevated
in human ovarian cancer cell lines and is also increased in
metastatic and recurrent ovarian tumor tissue compared with
patient-matched primary ovarian tumor tissue. In addition,
increased CDK9 was significantly associated with poor patient
prognosis (29). This also is in accordance with earlier obser-
vations, which showed that during the progression of cervical
cancer from pre-invasive lesions to squamous cell carcinoma, the
intracellular concentration of CDK9 increases (30). Our results
provide evidence that CDK9 has the opportunity to become a
potential prognostic biomarker for endometrial cancer.

Research has shown that the CDK?9 signaling system may
have important significance in the development of malignant
tumors and/or maintaining the cell phenotype (31). Inhibition of
CDKO kinase activity significantly affects the gene transcrip-
tion regulation, which could be used as a strategy for cancer
treatment interventions (29). The antitumor effect of CDK9
inhibition has been attributed to MYC proto-oncogene, BHLH
transcription factor (MYC) and/or Mcl-1) inhibition (28).
CDKO9 is involved in many types of cancer by recruiting
p-TEFD to transcribe the downstream proto-oncogene MYC
involved in cell growth and cell cycle progression (32). In
addition, over-stimulation of CDK9 increases the inhibitory
effect of Mcl-1 on apoptosis, which will lead to cell survival
and subsequent cancer progression (33).

It has also been reported that in ovarian cancer, leukemia,
breast cancer, prostate cancer and liver cancer, reducing the
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Figure 4. CDK9 knockdown by siRNA transfection suppresses endometrial cancer cell proliferation. (A and B) MTT assay revealed significant dose-dependent
inhibition of cell proliferation after CDK9 siRNA treatment. “P<0.01 compared with the cell only control group. (C and D) Expression levels of CDK9
and related signaling pathway proteins involved in transcription and apoptosis after transfection of CDK9 siRNA and nonspecific siRNA (NC siRNA) in
AN3CA and SPACIS cell lines by western blot analysis. CDK9, cyclin-dependent kinase 9; Mcl-1, myeloid cell leukemia-1; Bax, proapoptotic protein BCL2
associated X, apoptosis regulator.
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Figure 5. CDK9 inhibitor reduces endometrial cancer cell proliferation by suppressing transcription elongation and inducing apoptosis in endometrial cancer
cells. (A and B) Relative cell viability of AN3CA and SPACIS cells after exposure to different concentrations of the CDK9 inhibitor LDC067 for 5 days.
“P<0.01 compared with the lowest concentration group (1x10~ zM). (C and D) Expression levels of CDK9 and related signaling pathway proteins involved in
transcription and apoptosis after treatment with LDC067 in cells by western blot analysis. CDKO9, cyclin-dependent kinase 9; Mcl-1, myeloid cell leukemia-1;
Bax, proapoptotic protein BCL2 associated X, apoptosis regulator; PARP, poly(ADP-ribose) polymerase.

expression of CDK9 by siRNA can inhibit cell proliferation  transfection of synthetic CDK9 siRNA to silence or reduce
and induce apoptosis (28,34-37). We used liposome-mediated ~ CDK9 gene expression. The results demonstrated that CDK9
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Figure 6. Inhibition of CDK9 suppresses endometrial cancer cell colony formation. (A) Representative images of endometrial cancer cell colony formation
after incubation with different concentrations of LDC067 (0, 2.5, 5.0, and 10 #M) for 14 days. (B and C) Quantification of clonogenicity formation of AN3CA
(B) and SPACIS (C) cells after LDC067 treatment. “P<0.01 compared with the Cell only group. CDK9, cyclin-dependent kinase 9.
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Figure 7. Inhibition of CDK9 reduces endometrial cancer cell migration. (A and B) Representative images of AN3CA and SPACIS cell migration after CDK9
inhibitor LDC067 treatment for 0, 24, and 48 h. (C and D) Quantification of cell migration distance of AN3CA and SPACIS cells after LDC067 treatment.
"P<0.01 compared with the Cell only group. CDK9, cyclin-dependent kinase 9.
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siRNA transfection significantly reduced the expression of
CDKO9 in a concentration-dependent manner. CDK9 siRNA
can inhibit the phosphorylation of RNAPII, resulting in the
overall decrease in mRNA levels, thereby reducing the level
of anti-apoptotic protein Mcl-1 and increasing the level of
pro-apoptotic protein Bax. With the increase in CDK9 siRNA
transfection concentration, the proliferation of endometrial
cancer cells was significantly inhibited.

CDKA4/6 is part of the core cell cycle mechanism that drives
cell proliferation. In many types of human tumors, CDK4 and
CDKG6 are abnormally activated through different mechanisms.
The chemical inhibitors of CDK4/6, palbociclib, ribociclib and
abemaciclib, have been used in multiple clinical trials world-
wide to treat more than 30 different types of tumors, including
endometrial cancer (38). A recent study demonstrated that
increased expression of phosphorylated NPM/B23 (at Thr199)
in cancer cells promotes its interaction with CDK6 and plays
a key role in endometrial tumorigenesis (39). By inhibiting
CDK4/6 kinase, palbociclib can inhibit the phosphorylation
of NPM/B23 (Thr199) and promote the expression of estrogen
receptor (ER)a, ultimately making hormone-refractory endo-
metrial cancer sensitive to endocrine therapy (39). Yet, clinical
trials of treatment with CDK®9 inhibitors remain unsuccessful
and involve many adverse effects (40). LDCO067 is a novel
CDKO9-specific inhibitor that has been used in different types
of cancer (20). In the present study, LDC067 reduced the
phosphorylation of RNAPII, induced apoptosis in endome-
trial cancer cells, and inhibited cell proliferation activity in
a dose-dependent manner. These results are consistent with
those of Albert er al who found LDCO067 targeted the ser2
of the RNAPII CTD, prevented phosphorylation and induced
apoptosis (20). Unlike CDK9 siRNA, LDC067 only inhibits
the activity of CDK9, while the protein expression of CDK9 is
not significantly reduced. It was reported that gene expression
profiling of tumor cells treated with CDK9 inhibitor LDC067
showed a selective reduction of short-lived mRNAs, including
the MYC and Mcl-1 genes that regulate proliferation and
apoptosis (20).

In the clone formation and wound healing assays of two
endometrial cancer cell lines, the average number and size of
colonies formed after LDCO67 treatment were significantly
inhibited, and the cell migration ability was also restrained in
a time-dependent manner. In a recent study, CDK9 knockout
in osteosarcoma cell lines and ovarian cancer cell lines trig-
gered an effective antitumor response (29,41). These results
are consistent with what we have observed. Collectively, these
results support CDKO9 as a potential factor for the progression
of endometrial cancer.

In conclusion, our research demonstrated that high expres-
sion of CDKO is closely connected with the poor prognosis of
human endometrial cancer. In addition, inhibition of CDK9
significantly decreased endometrial cancer cell proliferation
by suppressing the phosphorylation of RNAPII. Our research
indicates that CDK9 may be a potential marker for the prog-
nosis of endometrial cancer and may become a new direction
for tumor-targeted therapy.
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